Down syndrome is the most common chromosomal disorder in humans as well as the most common cause of inherited intellectual disability. A spectrum of physical and functional disability is associated with the syndrome as well as a predisposition to developing particular malignancies, including testicular cancers. These tumours ordinarily have a high cure rate even in widely disseminated disease. However, individuals with Down syndrome may have learning difficulties, behavioural problems, and multiple systemic complications that have the potential to make standard treatment more risky and necessitates individualized approach in order to avoid unacceptable harm. There is also suggestion that tumours may have a different natural history. Further, people with learning disabilities have often experienced poorer healthcare than the general population. In order to address these inequalities, legislation, professional bodies, and charities provide guidance; however, ultimately, consideration of the person in the context of their own psychosocial issues, comorbidities, and possible treatment strategies is vital in delivering optimal care. We aim to present a review of our own experience of delivering individualized care to this group of patients in order to close the existing health inequality gap.
Background
Germ cell tumours make up 95 % of malignant tumours of the testes. Although rare (constituting 2 % of all human malignancies), they are the most common solid tumours in young men between the ages of 15 and 44 years [1] . Sensitivity to both chemotherapy and radiotherapy lends itself to excellent cure rates, even in the metastatic setting, with 10-year survival of 96 % across all stages [1] . Deviation from standard care can significantly compromise outcomes [1] . Further, the predisposition to testicular cancer in those with Down syndrome raises particular challenges with respect to this [3, 12] .
The Royal Marsden NHS Foundation Trust acts as a supraregional centre and manages all advanced germ cell tumours or cases requiring complex surgical or medical management for a population of 5.6 million people in South East England, seeing over 100 new patients a year. We have previously presented our case series of Down syndrome and testicular germ cell tumours over a 20-year period [2] . Here, we aim to review the considerations necessary when treating this group of patients and present important aspects to support individual physical and psychological needs to deliver best care from diagnosis to treatment and subsequent long-term follow-up.
Methods
A search was made of our personal referencing archives relating to the epidemiology, diagnosis, and management of testicular germ cell cancers and Down syndrome. The Cochrane Database was also interrogated for systematic reviews or meta-analyses. We also reviewed guidelines published by the European Society of Medical Oncology, the European Germ Cell Cancer Collaborative Group, and national and international public health bodies regarding best care of those with learning or intellectual disability. This paper reflects expert opinion and current literature accessed by the authors; no other formal search strategy has been defined.
Clinical features of Down syndrome
Down syndrome is the most common and best-known chromosomal disorder in humans; 95 % of cases are due to trisomy of chromosome 21. This genetic imbalance gives rise to multiple systemic complications, including increased susceptibility to respiratory infections, congenital cardiac abnormality (up to 60 % of children), gastrointestinal abnormalities such as gastro-intestinal atresia and Hirschsprung's disease, orthopaedic complications, thyroid disorders, hearing and visual impairment, and urological abnormalities including hypospadias, cryptorchidism (up to 27 % of males), and renal malformations (3.5 %) [3, 4] . There is also a predisposition to other cancers, including leukaemia, of which there is a 10-to 20-fold increased risk [5, 6] .
Down syndrome is also the most common cause of inherited intellectual disability and accounts for one third of all moderate and severe learning difficulties in children [7] . Almost all individuals with Down syndrome demonstrate some degree of cognitive impairment. The spectrum of deficit is wide; most have an IQ in the 50 to 70 or 35 to 50 range, consistent with mild to moderate intellectual disability respectively, whereas some have severe impairment with an IQ in the 20 to 35 range [8] . Cognitive function is also affected by early onset dementia, with Alzheimer-like changes evident in >50 % of those over the age of 35 years [4, 9] . Compared to the general population, they experience greater neurophysical morbidity, including epilepsy, autism, behavioural difficulties, and mood disorders [4] . As a result, individuals are less likely to recognise or communicate that they are experiencing a problem.
Although the phenotypic manifestation of Down syndrome varies between individuals, the combination of learning disability and co-morbidity can often lead to non-standard treatment for many disorders. Given testicular cancer has a high cure rate even in the presence of metastatic disease, the risk of non-standard oncological treatment for those with Down syndrome raises the likelihood of treatment failure [1] . These tumours may also have an altered natural history that may in turn effect cure [10] [11] [12] .
It can be hypothesized that the cytogenetic aberrations seen in Down syndrome could lead to altered biological features in germ cell tumours; this possibility is exemplified in acute lymphoblastic leukaemia (ALL). The immunophenotypic and biological features of ALL in those with Down syndrome are distinctly different from those without [13] .
When outcomes of ALL in 653 children with Down syndrome enrolled in 16 international trials from 1995 to 2004 were examined and compared to 4445 children with ALL and no Down syndrome, it was found that Down syndrome-associated ALL had a significantly higher 8-year cumulative incidence of relapse (26 % vs 15 %), poorer event-free 8-year survival (64 % vs 81 %), and inferior overall survival at 8 years (74 % vs 89 %). In addition, they experienced significantly worse treatmentrelated mortality independent of therapeutic regime (7 % vs 2 %), with the most common cause of death resulting from infection [14] . The small sample size of reported Down syndrome and testicular cancer series has precluded definitive conclusions to be drawn regarding similar outcome parameters [2, 15] .
Incidence and aetiology of testicular cancers in Down syndrome
Testicular germ cell cancers affect mainly young men, with 85 % presenting between 15 and 44 years of age [1] . Germ cell tumours are classified as pure seminomas or non-seminomatous germ cell tumours, which include variants such as embryonal carcinoma, teratocarcinoma, yolk sac tumour, choriocarcinoma, and teratoma [16] . The incidence of pure seminomas peaks in men aged 30 to 45 years, whereas non-seminomatous germ cell tumours (NSGCTs) peak in men aged 20 to 35 years [17] . In Down syndrome, most testicular tumours are seminomas irrespective of age [15] .
Although there is global variation, the incidence of testicular germ cell tumours in the general population of Western Europe is 0.09 % compared to 0.5 % in those with Down syndrome [12, 15, 18, 19] . The exact biological mechanism for this predisposition is unknown. Contributing factors are thought to include cryptorchidism, high levels of gonadotropins especially folliclestimulating hormone, an oncogenic gene dose effect due to the extra genetic material present, delayed germ cell maturation in the fetus, increased sensitivity of trisomic cells to carcinogens, or germ cell oncogenesis in utero occurring with increased maternal age [4, 5, 12, [20] [21] [22] .
Presentation of testicular cancer in Down syndrome compared to the general population Ordinarily, more than 95 % of men with testicular cancer will present to the urologist with a lump in testis that is often painless [23] . In patients with Down syndrome, diagnosis is usually as a result of an incidental finding. More than half of the cases are detected during in-patient hospital treatment for other causes, or by the primary care giver, with self-reporting least likely to lead to diagnosis [2] .
To improve patient awareness and guide self-examination a number of easy-read picture booklets have been produced. In view of the potential communication issues, increased vigilance for those providing routine clinical care to those with Down syndrome should be encouraged with testicular examination performed where appropriate during routine health checks [4] .
In view of difficulties in self-reporting, it is often assumed that these tumours present later and at a more advanced stage. However, there is no data to support this, and stage of presentation is often comparable with that of the general population [12, 24] .
Communication, informed consent, and patient-centred decision-making challenges in Down syndrome
People with learning disabilities often experience poorer healthcare than the general population and significant failings have been identified [25] . In response to this, key reports (in the UK) have been commissioned to bring about change to the way care is delivered and outline what reasonable adjustments need to be made in order to ensure there is equity [26] [27] [28] . As is the case throughout the world, legislation is often needed to ensure these rights are maintained. Important legislation in the UK includes the Mental Capacity Act 2005, the Disability Discrimination Act 2005, and the Human Rights Act 1998, all of which inform the work of professionals caring for those with learning difficulties [29, 30] . The Mental Capacity Act, in particular, covers a number of important aspects, including introducing an independent Mental Capacity Advocate Service and establishing a code of practice and a framework for delivering care to those who may lack capacity [31] .
The degree of learning difficulties exhibited in our previously reported patient group meant no individual had the capacity to give informed consent about their care and therefore a decision based on the patients' best interest was made [2] . Best interest decisions are guided by what the individual wants, the appointed advocate, and by listening to those who know and care for the individual. In the absence of a best interest consensus, in the UK, a judicial decision would then be made by the Court of Protection [31] . The Mental Capacity Act also clarifies on the legality of enrolling individuals in certain closely regulated medical research. Enrolment in trials is permitted with strict safeguards to ensure that the research is expected to benefit the individual directly and that the risks are not excessive in relation to the anticipated benefits. Before enrolment, researchers must also identify somebody close to the individual or, in their absence, someone independent to the researchers who is willing to be consulted about the appropriateness of their involvement [31] .
Non-governmental organizations are also an important resource for healthcare professionals to guide patientcentred care. The UK charity for those with learning disability, Mencap, has recommended key issues to ensure best practice is maintained [32] , including longer appointment times, communication with the individual (verbal and non-verbal), listening to the knowledge of families and carers, and valuing the life of the person with a learning disability.
Poor communication in many instances has led to shortcomings in care delivery [25] . However, there are many ways in which communication can be aided and information made more accessible, including easy-read information, picture guides, and individualised health plans. Many institutions also have a variation on the 'patient passport' , which ensures that during their care, patients are presented as individuals and not merely as a sum of their diagnoses. It contains information on particular likes, dislikes, and needs in order to facilitate successful interactions [32, 33] . It is also important to recognise that those with profound and multiple learning disabilities may not communicate formally with speech or pictures but use facial expressions, vocal sounds, and body language. There are different techniques that can be used to help interpret their needs in order to facilitate care. Often, those who support and care for these individuals have spent time getting to know their means of communication and have found effective personal means of interaction and are therefore an important resource [32] .
There are many complex issues facing people with learning difficulties and their access to healthcare, but central to almost all failings is often the lack of value placed on the life of someone with a learning disability [25, 34] . A number of specific factors and systematic shortcomings have been identified [35, 36] . The Confidential Injury into Premature Deaths of People with Intellectual Disabilities (CIPOLD) investigated all known events leading to the death of 247 people with intellectual disability over a 2-year period. The causes identified in a subset of those with intellectual disabilities included problems with advanced care planning, adherence to the Mental Capacity Act, inappropriate accommodation, not adjusting care as needs changed, and carers not feeling listened to [37] . In addition, they experienced significantly more problems with diagnosis and treatment, as well as with all other aspects of care provision, planning, coordination, and documentation. Alarmingly, 37 % of all deaths of people with intellectual disabilities were found to be avoidable and from causes that were potentially amenable to change by better quality healthcare [37] .
The presence of discrimination, abuse, and neglect across the range of health services is well documented and we would recommend review of these reports to ensure that any intentional or unintentional negative assumptions are guarded against in order to prevent avoidable harm [34, 35, 37] . General staff training to improve understanding and awareness of reasonable adjustments and patient needs will help improve patient safety and outcomes [35] .
Treatment challenges of germ cell tumours compared to the general population At the time of initial presentation most men presenting with testicular cancer undergo a radical inguinal orchidectomy for both diagnosis and definitive treatment. For men presenting with advanced disease, radical orchidectomy is preferred prior to chemotherapy where possible except in circumstances of life threatening advanced disease when pathological diagnosis is made from metastatic lesion biopsy and orchidectomy may be delayed until after the completion of chemotherapy. The pathology informs treatment stratification as seminomas and NSGCT differ in biology. In general, seminomas are less likely to metastasise to viscera (men commonly present with localised disease -80 % will have stage I disease at presentation), they are more sensitive to radiotherapy treatment than NSGCTs, and are not usually associated with elevated serum tumour markers (beta-human chorionic gonadotropin and alpha fetoprotein) [1] . An overview of the standard management of testicular germ cell tumours in the general population can be found through a number of sources [1, 38] .
We have previously reported on the medical management of patients with histologically confirmed testicular cancer and Down syndrome treated at the Royal Marsden Foundation Trust between 1982 and 2005 and found that their known comorbidities has an impact on conventional treatment delivery [2] . Prior to starting therapy, ordinarily cryopreservation is made available to all men diagnosed with testicular cancer should they wish to preserve fertility [1] . Almost all men with Down syndrome are infertile because of impaired spermatogenesis [39] . There have, however, been reported cases of live births fathered by men with Down syndrome [40] . Given that the impact of Down syndrome on each person is variable, with some able to live independently as adults, assumptions and expectations about fertility should be explored on a case-by-case basis.
Management of seminoma and deviations from standard care
In general, stage I seminoma can be managed with surveillance following orchidectomy with an anticipated relapse rate of 18 % [41] . Surveillance would be our general population-based recommendation for those with one or no risk factors for relapse, as most will be successfully treated with no adverse impact on oncological outcome. It is reliant, however, on compliance and long-term commitment to attend for regular follow-up as time to relapse can be prolonged [1] . The intraabdominal nature and predominate marker negative status of relapsed disease requires regular cross sectional imaging [1] . The potential distress and emotional impact this may cause to those with Down syndrome and intellectual disabilities despite appropriate support should be judged individually.
Alternatively, adjuvant carboplatin or radiotherapy can be considered in all patients who decline surveillance, reducing the risk of relapse to less than 5 % [42] [43] [44] . It is also considered in those who are less able to comply or commit to the regular follow-up surveillance requires. Adjuvant treatment is often considered in those with Down syndrome to spare more intense combination chemotherapy at disease relapse, which may be poorly tolerated. Despite this approach, relapse rates appear as high as 75 % in Down syndrome, still necessitating further combination chemotherapy [2] . Although the patient numbers are small, the high relapse rate despite adequate initial treatment supports previous evidence of altered tumour biology compared to the general population [12] .
Following orchiectomy, the optimal treatment for stage II seminoma conventionally depends upon whether there is bulky lymph node involvement [1] . In low volume stage II seminoma, radiotherapy to the para-aortic and ipsilateral lymph node region is an option. We have combined initial single cycle carboplatin with subsequent lower dose radiotherapy to the para-aortic nodes alone to mitigate side effects and long-term toxicity with the larger radiation fields and higher dose as our conventional standard [45] . Multi-agent chemotherapy (BEP; bleomycin, etopside, and cisplatin) is used in bulkier and more advanced disease. However, deviation from standard combination cisplatinbased chemotherapy is often found to be necessary in those with Down syndrome to avoid potential significant toxicity [2] . In particular, substitution of cisplatin is made with carboplatin both because of renal impairment and in order to reduce fluid load in those with pre-existing cardiac malformations. Although 3 to 4 cycles of single agent carboplatin may appear attractive in terms of toxicity profile, it is associated with higher rates of failure and so should only be considered in circumstances where the risk of standard multi-agent chemotherapy significantly outweighs the benefit [46] .
The expected relapse rate for stage II disease following standard therapy is 10 % [47] . In those with Down syndrome and stage II disease, treated with four cycles of carboplatin, more than 30 % of patients fail treatment (although death from disease remains rare) [2] . Despite drug modifications, patients are still likely to suffer chemotherapy toxicity. Over half of patients require hospital admission for complications on treatment, including sepsis, pulmonary oedema, and seizures [2] . This high failure rate and poor tolerance supports the hypothesis that unique biological factors affect treatment outcome, as is seen in those with ALL [14, 48] . Therefore, given the poor tolerance of chemotherapy, in stage IIa/IIb seminoma, radiotherapy should be considered an important alternative radical treatment option [16, 49] .
Management of non-seminomatous germ cell tumours (NSGCTs) and deviations from standard care
NSGCTs are less common in those with Down syndrome than the general testicular cancer patient population. In stage I disease conventionally following orchidectomy 30 % of all men will relapse with recurrent disease and 50 % will relapse if lymphovascular invasion was present on pathology [1] . The majority (95 %) of these relapses will occur within the first 2 years; on relapse, cure is close to 100 % with chemotherapy [1, 50] . Therefore, although surveillance following orchiectomy is acceptable in the general population, the individual appropriateness of an intense surveillance protocol should be judged and discussed with the patient and carers in Down syndrome as poor adherence to surveillance could mean potential recurrence at advanced stage disease necessitating more chemotherapy than would have been required in the adjuvant setting.
The efficacy of two cycles of adjuvant BEP is established in routine care, but there is accumulating evidence that a single cycle maybe equally as effective and so may be preferable when poor tolerance of chemotherapy is anticipated [50, 51] . Retroperitoneal lymph node dissection may also be an option in the adjuvant setting in those unsafe/unsuitable for chemotherapy, although it is known to be inferior to one cycle of BEP [51] . In the metastatic setting, three or four cycles of BEP chemotherapy would be considered standard depending on the International Germ Cell Cancer Collaborative Group risk classification, but careful assessment of fitness for safe administration of this regime would be required [1] .
We have found that learning disability in itself does not and should not preclude radical therapy. However, in the presence of moderate and severe learning disabilities, general anaesthetic is occasionally necessary in order to aid compliance to investigations, complete diagnostic staging, and safely deliver radiotherapy. Importantly, due to the known behavioural disorders, lack of cooperation should not be assumed to be necessarily associated with a lack of consent and other factors, including distress, should be considered.
Importance of recognising treatment-related psychological distress
A cancer diagnosis can lead to psychological distress in up to 75 % of cases in the general cancer patient population [52] . In view of this, current UK government policy recommends that all patients should undergo systematic psychological assessment at key points during their cancer journey complimented by access to appropriate psychological support services. There is, however, a lack of clarity about the most effective way to address this psychological distress. Nurse-delivered interventions combining information with supportive attention may have a beneficial impact on mood in an undifferentiated population of newly diagnosed cancer patients [52] . A randomized control trial has shown no evidence of benefit for routine psychological therapy in newly diagnosed patients with testicular cancer [53] . However, in line with Moynihan et al. [53] , we would suggest that, although specific interventions must be systematically evaluated, informing and reassuring patients should be seen as an integral part of routine care.
Behavioural and psychiatric disorders are common in Down syndrome, with an estimated 22 % of individuals affected (18 % under the age of 20) [4, 54] . The most common manifestation is usually disruptive, aggressive and repetitive behaviours, anxiety disorders, and major depressive illnesses [54] . This pre-existing psychological distress can be exacerbated by the diagnosis of testicular cancer and the change in usual environment and routine that subsequent treatment entails. Deterioration in family social interaction as a result of repeated hospitalisation due to both chemotherapy and the complications arising from it is seen [2] , highlighting the importance of recognising worsening mental health problems and offering appropriate support to deliver holistic care.
Survivorship issues
The successful management of germ cell tumours in the general population has meant that emphasis is now on minimising treatment-related toxicity, ensuring appropriate follow-up mechanisms are in place to detect relapse, addressing long term treatment side effects, and effective rehabilitation. These survivorship aims are now also increasingly pertinent to those with Down syndrome given survival in Down syndrome has improved substantially in recent years and is approaching that of the general population, owed predominantly to improved management of congenital cardiac abnormalities [55] . Death from cancer in Down syndrome remains rare. The most common contributing causes of death are usually pneumonias, other infections, congenital malformations, circulatory disease, and dementia [56, 57] .
The young age at presentation and high cure rates of testicular cancer in the general population, mean that it becomes increasingly important to recognise and minimise long-term treatment toxicity. The most common potentially life-threatening late effects, usually occurring more than 10 years after treatment, are second malignancy and cardiovascular disease [58, 59] . Other long-term effects include pulmonary toxicity, nephrotoxicity, neurotoxicity, decreased fertility, hypogonadism, and psychosocial problems [58] . Given the improved survival, similar consideration should also be made to the long-term health consequences in Down syndrome testicular cancer survivors. Individuals with Down syndrome have a reduced resting metabolic rate, which contributes to higher rates of obesity [4, 60] . This predisposition further increases the likelihood of metabolic syndrome, which has been shown to be higher after testicular cancer treatment and may be a significant contributing factor in the development of cardiovascular disease following treatment [61] .
Conclusions
Patients with testicular cancer and Down syndrome have complex physical and psychological needs. Their intellectual disability should not preclude radical treatment. Acknowledgement has been made by a number of reports of the potential 'invisibility' of this group of patients, so vigilance and procedure to guard against this needs to be in place to ensure best practice is maintained. The wide spectrum of comorbidities means an individualized approach is necessary and often requires modification of standard chemotherapy treatment in order to deliver safe care. Even when no deviation is made to standard care, there is suggestion of altered tumour biology and outcome compared to the general population that warrants further investigation. Despite this, a high cure rate can be achieved with appropriate therapy.
Abbreviations ALL: Acute lymphoblastic leukaemia; BEP: Bleomycin, etoposide, cisplatin combination therapy; NSGCT: Non-seminomatous germ cell tumours.
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